Studies in bilingualism have shown that words activate form-similar neighbors in both first (L1) and second (L2) languages. Accordingly, we hypothesized that the degree of form similarity between L1-L2 word pairs causes a proportional amount of prosodic transfer in L2 speech production. Thus, cognate pairs L1-L2 which bear lexical stress in the same syllable position should be facilitated in L2 production, while cognates with stress on mismatching positions L1-L2 should be inhibited. The results of a speeded word naming task with English L2 speakers showed facilitation in production of cognate words overall. Concerning word stress in L1-L2, an opposite effect was found between 2-and 3-syllable cognate words, while no effect was found for non-cognates. The effects found for cognate words correlate with form similarity and L2 lexical frequency values, corroborating the hypotheses that lexical activation in L2 is non-selective and that the bilingual lexicon is built in association between L1 and L2 at multiple levels of linguistic representation.
Introduction
As L2 speakers, reading aloud in our second language is usually an easy task. However, this simple task involves a complex mechanism, which implies processes of written word recognition, the activation of meaning, grapheme-to-phoneme translations, word stress pattern retrieval, and execution of articulation. For second language learners, the recognition of words that are similar in form and meaning, so-called cognate words, seem to be easier and more accurate than words that present no similarity with lexical items of their first language. As an example, agenda is a word in Portuguese which has identical orthography to the English word agenda, and they are also similar in their phonology and meaning. Words like agenda are more likely to be learned by associative analysis of the shared similarities in the two lexicons at three levels of representation -phonological, orthographic and semantic -, than a word like neighbor that is associated only by semantics to a Portuguese word, vizinho.
Because cognate words share more similarities in the L1-L2 lexicon, they are more likely to provide more transfer from the stable L1 system to the more recently established L2 system. Many studies have shown that cognate words are recognized and produced faster in picture naming and word naming tasks in relation to L2 words which are form unrelated to L1 words (e.g. Costa, Santesteban, & Caño, 2005; Dijkstra, Miwa, Brummelhuis, Sappelli, & Baayen, 2010) . Our specific interest in this study is to understand how, in a reading aloud task, we retrieve L2 stress from orthography and, especially, to what extent the orthographic representation of words affects word stress assignment in the production of L2 English cognate words by L1 speakers of Brazilian Portuguese.
The languages of interface in this study are Brazilian Portuguese -which will be also referred to as BP or L1 -, and American English -which will be also referred to as AmE or L2. The language processing and production models we are using to support our experimental design and analysis are the Bilingual Interactive Activation (BIA+) model by Dijkstra and Van Heuven (2002) and the Connectionist Dual Processing (CDP++) model by Perry, Ziegler and Zorzi, 2010. 1.1 Dual activation of word stress from orthography: The effect of cognate status on the production of L2 stress A number of theories and models have addressed the topic of how second language speakers access their L2 lexicon and how the relationship of orthography and phonology of L2 is established in relation to their L1. There are two dominant views in the literature: one claims that the L2 lexicon is accessed independently from the L1 lexicon and another claims that the L2 lexicon is accessed by analogy or association to the L1 lexicon. These two dominant views are respectively known as language selective access hypothesis (Macnamara & Kushnir, 1971 ) and language non-selective access hypothesis . Many studies, which aimed at testing the two hypotheses, made use of interlingual homographs, which differ in meaning in the two languages (Conklin & Mauner, 2005) . For instance, the word grave, which has the same orthography in English and Portuguese, means burial place, in English, but serious, in Portuguese. If language access is selective, only the meaning burial place should be activated when reading the word grave in English; alternatively, if lexical access is non-selective, both serious and burial place are activated when reading the word grave in English.
From a lexical non-selective access perspective, especially, the Bilingual Interactive Activation (BIA+) model (Dijkstra & Van Heuven, 2002) , it is assumed that cognate words -which share similarities at orthographic, phonological and semantic levels -, are highly associated between the L1 and L2 lexicons and, thus, highly active in the bilingual linguistic system, which implies facilitation both in L1 and L2 processing (Dijkstra & Van Heuven, 2002 ). The BIA+ model influences the investigation in L2 phonological acquisition, processing and production in three points: (i) phonology is not independent from other levels of representation (orthography and semantics); (ii) L2 phonology is integrated with L1 phonology, since representations are acquired in association between the two lexicons and the activation of L1 and L2 phonologically similar patterns occur in parallel; and (iii) the activation of L2 phonology is activated in parallel to L1 phonology (including all levels of L1 phonological representations -segmental, syllabic, prosodicthat are activated when L2 phonology is activated).
Regarding word stress representations, the grapheme-to-phoneme relationship between L1 and L2 is more transparent than the relationship between L1 and L2 word stress seems to be. The L1-L2 transfer at the segmental level results from the parallel processing between the grapheme-to-phoneme correspondences from L1 and L2 (Van Leerdam, 2005) . However, the processing of word stress from orthography is more abstract. In many languages of the world, word stress is not represented at the orthographic level, as in the case of English or Dutch. Nevertheless, when Dutch or English native speakers read words aloud in their L1, they are able to assign stress.
The processing of word stress accounted from the phonetic perspective is also considerably abstract, however. Even though the variability in production of the acoustic correlates of stress is high, still we are able to identify stressed syllables and learn lexical stress both in first and second language (Van Heuven & Menert, 1996) . Regarding the acoustic processing of stress cues, prototypes are created through inter-speaker normalization of the acoustic correlates across a life span of experience with languages. In the context of second language acquisition, L2 acoustic correlates for stress can be acquired via explicit and implicit instruction in L2 learning -respectively, meaning the explanation of the grapheme-to-phoneme regularities in the target language and the insertion of communication cases which request the correct use of word stress from orthography, such as in elicited speech -which, in most cases, is mediated by orthography. Then, it is expected that the visual representation of words plays an important role in the acquisition of phonemes, syllable patterns and word stress in a second language.
Word stress frequencies involved in L2 word naming task
For models of multisyllabic word reading (e.g. Perry, Ziegler, & Zorzi, 2010) , word stress assignment is a challenge. Word stress production seems to have two paths for its representation, what some models for word processing call 'dual route' (Rastle & Coltheart, 2000) . It means that word stress representation is both biased by segmental string features (regularities at segmental and phonotactic levels) and the stochastic evidence from the lexicon (such as word stress frequencies).
Another important dimension influencing word stress processing and production in L2 is stress pattern frequency distributions in L1 and L2 lexicons. In languages in which word stress can be assigned to different syllable positions within a word and stress placement is dependent only on word stress frequency distributions in the input -lexical stress languages, such as in English (Guion, 2001) and Portuguese (Cantoni, 2008) -, L2 word stress assignment is a complex task.
In Brazilian Portuguese, primary stress is assigned either to the ultimate, penultimate or antepenultimate syllables (Mattoso-Camara Jr., 1953; Bisol, 1992) . Among the previewed stress patterns for BP, penultimate stress is predominant in the lexicon and its frequency of occurrence among 2-, 3-and 4-syllable words is circa 70%. This percentage report is confirmed by our search in the FrePOP (Frequency of Phonological Objects in Portuguese) database which includes Cantoni (2008) , whose inventory is based on the ASPA (Avaliação Sonora do Português Atual) corpus by Cristófaro-Silva, De Almeida and Fraga (2005) . In Table 1 , we show token frequency distributions relative to word length (from 2 to 4 syllables) and to Portuguese stress pattern frequencies, based on FrePOP corpus. Based on Table 1 , we can affirm that penultimate stress is the most frequent stress pattern (74%) and that 2-syllable is the most frequently occurring word length in the Portuguese lexicon (53%). On the other hand, antepenultimate stress is extremely infrequent (ca. 3%) and 4-syllable and longer words add up to less than 20% in Portuguese. Independently of word length, penultimate stress is the most frequently occurring stress pattern -circa 75% of occurrences -in relation to all word sizes here inventoried.
According to Guion (2001) , monosyllabic words are the most frequently occurring in American English, but they do not pose any challenge to stress assignment, thus, they will not be considered in the present frequency distribution analysis. The inventory by Clopper (2002) , on word length frequency in relation to stress pattern frequency shows the following distributions in American English.
From Table 2 , we infer that 2-and 3-syllable words are more frequent in the English lexicon having excluded the monosyllabic words. We also observe a tendency for the first syllable to be stressed, since the most frequent stress pattern of 2-syllable words is the penultimate stress (or first syllable stress), while the most frequent stress pattern of 3-syllable words is the antepenultimate stress (or first syllable stress). In English, 4-syllable words (or longer) are the rarest in the lexicon. The 4-syllable words (or longer) are stressed mostly on the antepenultimate syllable. In 3-and 4-syllable words, penultimate stress is the second most frequent. As 2-syllable words are substantially more frequent in the English lexicon, penultimate stress is the most frequent stress pattern of English overall. Such stress pattern distributions are mirrored in stress assignment performances, as studies investigating the interaction of stress frequency and stress regularities in latency times of 2-syllable word naming tasks in L1 English (Monsell, Doyle, & Haggard, 1989; Kelly, Bard, & Sotillo, 1998; among others) found that when stress is defined as default in the first syllable, the effect of stress rules is found only in errors (Perry, Ziegler, & Zorzi, 2010) .
Making a comparison between English and Portuguese interactions of the three variables 'word length frequencies' vs. 'stress pattern frequencies' vs. 'language specific stress regularities' , we may make predictions on how these interactions may effect latencies in a reading aloud task in English as L2. Based on the discussion above about the relationship between stress regularities, stress pattern frequencies and word length frequency, we may hypothesize that: (i) the more frequently occurring the stress pattern is, the less subjected it may be to stress regularities; (ii) the more frequently occurring the stress pattern is in relation to word length frequency, the less subjected it is to stress regularities; (iii) if both word length and stress pattern frequencies are high in L1 and L2, there will be great representational competition in the bilingual system, which will possibly cause long latencies and (iv) if word length frequency is low and stress pattern frequency is low, there will be less competition in the representation for stress. Thus, 2-syllable words of English bearing pre-final stress may not be affected by stress regularities from L1 and from L2, but may cause a strong competition with the L1 representations because pre-final stress is the predominant pattern in the L1. More competition between L1 and L2 representations implies longer processing times and, thus, an inhibition effect in a reading aloud task in L2.
Materials and methods

Participants
Participants were Brazilian Portuguese native speakers who speak English as second language staying in The Netherlands for academic purposes or vacation. One American English native speaker, a graduate student at Leiden University, labeled the non-native English productions. Generally, participation and travel costs were paid, except when a participant volunteered to serve with no compensation. There were 20 participants in the speeded naming task. Their ages varied from 21 to 62. Their experience with English varied from 10 to 40 years. All participants received English instruction in private language courses in Brazil in addition to their instruction of English at regular school. Some of them have lived abroad in English speaking countries. All participants of the speeded naming task were tested concerning their vocabulary size via the X_Lex205 (Meara & Milton, 2006 ), an advanced level vocabulary breadth test. The X_Lex is a lexical decision task in which participants have to decide whether or not a letter string is an existing word in English. The scores range from 0 to 5,000. A score of 3,500 means that X_Lex205 estimates your knowledge as advanced. Informants were included in the experiment only if they achieve a score of at least 3,500 words.
Stimulus composition
The target items were English words that are similar in form with a counterpart word in Portuguese and which are synonyms (i.e. have the same meaning) in the two languages, such as jasmine (AmE) -jasmim (BP). They matched in the number of syllables, and present a minimal difference in length concerning their orthographic and phonological segmental sequence. There were two conditions concerning word stress, word stress either matched or mismatched between AmE target words and BP closest neighboring words in form and meaning. For purposes of comparison, a second group of words was included. These were formunrelated synonyms in AmE and BP, such as cucumber (AmE) -pepino (BP). Noncognate pairs also contained the same number of syllables across languages and roughly the same number of letters. For non-cognate words, the stress conditions used were the same as for the cognate words: stress either matched or mismatched between AmE targets and the closest BP word neighbors in meaning. We expected similar words to trigger more transfer of word stress from L1 to L2, ceteris paribus. We did not expect any significant effect for non-cognate words, since these establish no bridge between the prosodic system of Portuguese and English, thus, would be acquired exclusively based on evidence in the L2.
In order to obtain suitable minimal pairs across the Portuguese and English lexicons we controlled for: 1) semantic relatedness, 2) lexical frequency, 3) number of syllables, 4) number of letters, 5) stress pattern, 6) orthographic and 7) phonological similarity.
Two lists of words were generated: a list with Brazilian Portuguese words from the ASPA corpus (Cristófaro-Silva, De Almeida, & Fraga, 2005 ) and a list with English words from the CELEX corpus (Baayen, Piepenbrock, & Van Rijn, 1995) . The English word list already contained transcriptions in SAMPA format; for the Portuguese words, we used eSpeak's (www.espeak.org) Brazilian Portuguese grapheme-to-phoneme rules to automatically generate BP transcriptions of all words. Both word lists contained information about word frequency.
In order to reach cross-linguistic synonym pairs between English and Portuguese, we data-mined English-Portuguese translations in the English Wiktionary (www.wiktionary.org). If a word and its Portuguese translation were found in our list of English and Portuguese words, respectively, this word pair was added to our output list of semantically close pairs.
We used the normalized Levenshtein distance metric as defined by Schepens, Dijkstra and Grootjen (2012) to calculate orthographic and phonemic distances between the members of each word pair found. The Levenshtein distance calculation is made via an equation that measures the similarities between word-pairs across languages and takes the number of insertions, substitutions and deletions and the total of segments between word-pairs into account. For instance, the word pair minister (AmE) -ministro (BP) presents, in the last syllable, a vowel substitution and a positional substitution of the vowel within the syllable structure. So, in terms of orthography, the referred pair has two substitutions. Considering the same word pair, minister -ministro, we have the following phonological transcription: [ˈmɪ.nɪs.təɹ] and [miˈnis.tɾu] respectively. In this example, Levenshtein distances must count five costs: two vowel substitutions of /i/ -/ɪ/ in the first and second syllable; in the last syllable, a vowel substitution of /u/ -/ə/, a consonantal substitution from /ɾ/ to /ɹ/ and a positional substitution (metathesis) of the consonant from the complex onset position to the coda position. The equation works as follows:
Normalized Levenshtein distance (nLd) = 1 − costs/length In the normalized Levenshtein distance equation, 'costs' is the number of substitutions, deletions and/or insertions, and 'length' is the total number of letters or phonemes either of the source expression (e.g. L1 word) or the destination expression (e.g. L2 word). Taking the word pair example above, we can calculate their orthography and phonology nLds as follows:
Orthography nLd distance, having the Brazilian Portuguese word "ministro" as origin expression and the English word "minister" as destination expression:
nLd(Orth) = 1 − 2/8 = 0,5
However, prior to the calculation of phonological distances, and with the aim of simulating Brazilian English L2 lexical storage in terms of phonemes, we implemented the phonological categorizations at the segmental level that Brazilian speakers of English typically perceive and produce in the L2, as accounted for by many studies (Baptista, 2006; Bion, Escudero, Rauber, & Baptista, 2006; Nobre-Oliveira, 2007) in the calculation of normalized Levenshtein distances. The English transcriptions were edited such that English phonemes that do not exist in Brazilian Portuguese were replaced by their closest BP counterparts (e.g. the short lax high front vowel /I/ was replaced by /i/). The new normalized Levenshtein distance calculation with the implementation of the segmental categorization of L2 according to L1 segmental patterns is, to our knowledge, original to this study and a pioneer method to the selection of stimuli for testing L2 stress experimentally. The resulting normalized Levenshtein value is in the range of 0 (identical) to 1 (maximally distant/different). Diacritics were counted as 0.5 insertion in the calculation of orthographic distance, following Heeringa (2004) . The resulting list of word pairs contained roughly 5,800 pairs. These could then be sorted by (i) relative frequency of each member of the pair, stress pattern, word length (number of syllables, number of letters, number of phonemes) and (ii) orthographic and phonological distance.
For the speeded naming test, English-Portuguese synonymous word pairs were selected, matching in number of syllables (either 2 or 3), cognate status (cognate, non-cognate) and stress pattern. Thus, a 2x2x2 design was created, defining eight stimulus categories, as shown in Table 3 .
In total, there were 104 stimuli: 16 words per category of cognate words and 10 words per category of non-cognate words. The stimuli were presented in two experimental blocks. The first block corresponds to the first presentation of the words and the second was a repetition of the same stimuli. There were in total 208 tokens per subject. (Dijkstra & Van Heuven, 2002) , task demands implicate different decision criteria by the participants. In order to avoid artifacts of the task as much as possible and having the maximal effect of the activation of the most dominant representation associated with each visual form of the words, we decided to apply a speeded naming task, since it does not allow for the suppression of the L1 representation when naming words in L2 (Smits, Sandra, Martensen, & Dijkstra, 2009) . Each participant performed the test individually. Participants were asked to sit comfortably on a chair in an acoustically insulated room, in front of a computer screen, which was placed within a distance of one meter from them and a Sennheiser MKH-4l6 condenser microphone was placed 15 cm from them. The experiment was implemented and run in E-Prime 2.0, which also recorded each segment of stimulus presentation as well as the speech onset times (in this study also referred to as reaction times).
Before the experiment started, participants performed a training session with 20 words, in the same dynamics as the actual experiment. They read the instructions in English requiring them to read the individual words out loud from screen, as fast and accurately as they could.
Each trial was preceded by a fixation point (+), which was presented at the center of the screen for 250 milliseconds (ms). Then, the test item was presented in the center of the screen in black Arial 28 bold font. The word stayed on screen for 500 ms and the next trial started after 1,500 ms.
After the speeded naming test, the participants performed a subjective rating test, in which they judged the degree of orthographic and phonological similarity as well as the degree of familiarity of the words they had produced in the naming test. Questions 1 and 2 asked the participants to judge the degree of orthographic similarity and the degree of phonological similarity between word pairs: the words that the participants had to produce in English, but paired with the cognate or non-cognate counterpart (synonymous) words of Brazilian Portuguese. They judged each pair on a scale from 1 (completely different) to 7 (absolutely identical). Question 3 asked the participants to judge the English stimulus words in terms of their familiarity. They judged each item on a scale from 1 (unknown) to 7 (highly frequent). This subjective rating test is based on Dijkstra et al. (2010) .
From the 20 Brazilian non-native speakers of English, a total of 4,160 tokens were recorded, which were judged by a native speaker/listener of American English, who was a monolingual male PhD candidate at Leiden University.
The native speaker of American judged the non-native English tokens as either stressed on the first, second or last syllables in a multiple forced-choice perceptual task. The judge was asked to press buttons 1, 2 and 3 on the keyboard to indicate whether he heard the prominent syllable of non-native English words on the first, second or third syllable, respectively. The stimuli were presented in randomized order of words and speakers over a loudspeaker. Work sessions were distributed over four different days. Each judgment session lasted twenty minutes, on average, and the whole judgment experiment took eight hours in total.
Results and discussion
Data cleaning
The data considered for our analysis were the items our native listener of American English rated according to the canonic stress patterns of English, based on CELEX information about word stress. Deviant productions from the stress pattern of English accounted for 15% overall.
The American native speaker judged the non-native English tokens in relation to word stress, and based on his judgments we excluded 15% percent of the data, which were considered errors. The overall data of our first analysis of the speeded naming task was 3,536 tokens.
Data were also removed after the analysis of the subjective ratings on similarity and familiarity of the stimuli. In the subsequent part of this paper, we show two analyses: one before and another one after the exclusion of words considered extremely infrequent (below 4 in a scale of 1 to 7, were 7 is highly frequent) by the participants, since the selection of words made for this study was deliberately of low-frequency words, based on the CELEX and ASPA corpora measurements.
Overall analysis
Firstly, the data was blocked in two groups: first repetition and second repetition of words, 104 words per block, totaling 208 tokens per participant. An effect of repetition was found, the second repetition was significantly faster than the first reading of the words, t(19) = 5.20, p < 0.001 (2-tailed). This result supports the effect of priming in lexical production, since once a word is produced, it is recognized more easily and produced faster in the subsequent productions. Besides, the pattern of stress errors in the first and the second repetition remained roughly the same, t(117) = 0.16, p = 0.988. These paired t-test results point to the fact that the reaction time responses follow the same pattern in the first and second repetition as well as the pattern of error/correct tokens, which allows us to consider the first and second repetition as one only sample.
The repeated measures analysis of variance showed a significant interaction of the following within-subjects factors on reaction times (RTs): cognate status of words, word length (2-or 3-syllables), stress patterns L2-L1 (match vs. mismatch), F(1, 15) = 14.02, p = 0.012 (p < 0.01). The factors word length and stress patterns L2-L1 (match vs. mismatch) interacted significantly for cognate words, F(1, 4.411) = 43.11, p < 0.01, but not significant for non-cognate words, F(1, 4.032) = 3.032, p = 0.104. The paired t-tests on cognate and non-cognate words showed no significant RT differences between the categories stress pattern matching L2-L1 and stress pattern mismatching L2-L1 stress patterns, the values for 2 and 3 syllable words are, respectively, t(19) = 0.002, p = 0.998 and t(14) = 0.002, p = 0.12. On the other hand, cognate words present significant RT differences between matching and mismatching stress L2-L1 categories. The effect found in 2-syllable words is greater than in 3-syllables, and the effects are opposite for the two word lengths, which suggest that different factors are influencing the results in one group and in the other, as shown in Figure 1 .
The paired t-test value for 2-syllable cognate words whose stress matches in L2 and L1 and for 2-syllable cognate words whose stress mismatches in L1-L2 is Figure 1 . Z-score differences based on the mean RTs of 2-and 3-syllable cognate words in both matching and mismatching stress pattern L2-L1 categories. Graphic generated by SPSS version 1.9 t(19) = 5.057, p < 0.01, whilst the value for 3-syllable cognate words whose stress matches in L2 and L1 compared to 3-syllable cognate words whose stress mismatches in L1-L2 is t(19) = 2.728, p = 0.013.
3.3
Analysis of questionnaires on familiarity and word-pair form similarity L1-L2 After the speeded naming task, participants received a rating table in a sheet of paper in which they were asked to rate the English words they produced in relation to orthographic and phonological similarity with the closest Brazilian Portuguese neighboring words in form and meaning, as well as to rate the same English words concerning familiarity. They rated the AmE-BP word pairs on a scale from 1 to 7, 1 being the minimum and 7 being the maximum similarity or familiarity. For example, if similarity is rated as 7, it means that the word pair L1-L2 is considered identical; and, if familiarity is rated as 1, it means that it was an unknown word. Cronbach's alpha was calculated for the average responses of each participant to the three questions. The correlation value of agreement was high, α = 0.888, i.e. participants were consistent in their answers across the three questions. For instance, if a participant rated a word pair jasmine (AmE) -jasmim (BP) as orthographically similar with a value of 5 on a scale from 1 to 7, he/she very likely used the same judgment for phonological similarity and degree of familiarity of the word in English.
The interclass correlation values calculated the inter-participant agreement for questions 1 (orthographic similarity), question 2 (phonological similarity) and question 3 (familiarity). The results of the statistic tests are shown in Table 4 .
The high average correlation values for the three question ratings show that the judgments of the word pairs were very consistent across participants. The questions on similarity judgment were highly consistent, i.e. almost all participants had the same judgment to the same items, reflecting the fact that the judges found very clear patterns of orthographic and phonological similarity between the pairs they judged. The average correlation values for the question on the familiarity of the items produced in the speeded naming test was also very high, but lower than the judgments on similarity. Presumably, this is due to a small variability on the subjective experience with the L2 words. Such variability is not greater than what we found on participants' familiarity ratings because participants were selected based on vocabulary proficiency.
The subjective ratings shown on Table 4 were later correlated (see Table 5 below) with our measurements of normalized Levenshtein distances on orthography and phonology and the word frequency counts based on the English (CELEX) and Brazilian Portuguese (ASPA) corpora.
The negative correlation results are due to the fact that word pairs with a high rating on the scale obtained a low value for the normalized distance. These results indicate that the use of the normalized Levenshtein distance matches almost perfectly the subjective ratings. This result shows that the use of the normalized Levenshtein distances for phonology and orthography are a good method to determine accurately speakers' representation of word pairs across languages and, thus, it is a good method for selecting stimuli for psycholinguistic experiments applied to second language/bilingual phenomena.
The present results on the correlation between the subjective ratings on the familiarity of the English words in relation to the frequencies obtained from the CELEX English corpus is positive and significant, although considerably lower than the results on the correlation of orthographic and phonological similarity. A Table 4 . Interclass Pearson correlation values for participants' ratings on question 1 (orthographic similarity between L1-L2 word pairs), question 2 (orthographic similarity between L1-L2 word pairs) and question 3 (familiarity with English words) possible explanation is that despite the fact that words present a certain frequency in the English lexicon, every user of the language experiences the lexicon according to his/her needs in the linguistic environment. Thus, even selecting words within the range of 0 to 10 per million in the English corpus, some words are notably more frequent than others for different speakers. Based on the findings that the subjective ratings were very consistent among raters (see Table 2 ), we decided to test whether the opposite effect found in the reaction times for 2-syllable and 3-syllable cognate words could be accounted for by words that were rated as extremely infrequent by the participants. The words, which were rated below 4 in the familiarity test, were excluded and we ran a second analysis on the reaction times.
Correlation test on RTs and corpora-based measurements
The second analysis of the reaction times of the speeded naming test involved 2,362 tokens, which was the number of tokens reached after excluding the erroneous productions and words which were rated below the average in question 3, relative to speakers' familiarity with the English words in the experiment. In order to analyze the opposite RT results found for 2-and 3-syllable cognate words, we correlated the factors: orthographic and phonological similarity, length of stimuli (in number of letters) and lexical frequency (based on CELEX and ASPA corpora), as shown in Table 6 .
The correlation values of cognate words and RTs were very low, due to the fact that we determined thresholds in normalized Levenshtein values in order to build the cognate status category, as well as we determine a range of frequency according to interest of this investigation. However, even though variables were well controlled, it was expected that differences could exist within them.
The correlation analysis shows that the RTs of 2-and 3-syllable cognate words correlate differently with the values of corpora-based measurements on frequency, word length and word form similarity. The RTs of 2-syllable cognate words whose stress pattern matches in L1 and L2 neighboring words correlate positively with phonology nLd and the average between orthography and phonology nLd, which indicates that the more words differed regarding form at segmental level, the longer the reaction times were. This result seems to be associated with the negative correlation with lexical frequency, which shows that reaction times were longer when words were less frequently occurring, and this factor contributes to the overall longer reaction in this stimulus category. No significant correlation was found for 2-syllable stress mismatching L1-L2 cognate words. The only effect found for 2-syllable words seems to be more associated to lexical frequency than to phonological processing of L2 stress.
The correlation of RTs with average orthography and phonology nLd in 3-syllable words is overall negative. In other words, the more similar the L1-L2 word pair was, the longer the latencies were. RTs also correlate significantly and negatively with word frequency, which adds its effect to similarity distance. There is significant negative correlation between RTs and phonology nLd distances between 3-syllable cognate words whose stress patterns match in L1-L2 in relation to the ones whose stress patterns mismatch between L1-L2. Based on the correlation values for 3-syllable cognate words, one can infer that the longer reaction times in the stress-mismatching category can be accounted for by phonological form similarity and low lexical frequency. These results corroborate our initial hypothesis that the orthographic forms in L2 activate the orthographic and phonological representations in the L1. The segmental sequence activates other levels of phonological representation, such as word stress. If the representation for word stress pattern matches in the two lexicons, there is facilitation; however, if the word stress patterns mismatch between L1 and L2, there is inhibition in the production of formsimilar pairs of words in L1-L2. Note. ** correlation is significant at the 0.01 level (2-tailed). * correlation is significant at the 0.05 level (2-tailed). Legend: nLd stands for normalized Levenshtein distance; r = Pearson correlation values
The RTs of 2-syllable cognate words had the opposite effect as the one found in 3-syllable words -stress-matching words had longer reaction times than stressmismatching words. This seems to be associated to greater phonological distance than phonological similarity at segmental level within this word category. This result supports the hypothesis that mismatching orthographic-phonological representations are less conservative than matching conditions for the retrieval of L2 words and their co-defining levels, such as the word stress level. Also, there is a negative correlation between RTs and lexical frequency, indicating that RTs were affected by the small differences in frequency within the low frequency category we chose to use in this experiment. It means that longer reaction times occurred to the lowest lexical frequency items within the range of 0 to 10 occurrences per million that was used for the selection of stimuli.
Conclusions
In this experiment, we tested cognate and non-cognate English words. They varied in length (2-and 3-syllables) and they either bore stress patterns which matched in L1 (Brazilian Portuguese) and L2 (English) or mismatched across lexica. The stimuli were presented in two blocks: (i) first presentation of words and (ii) repetition of words from the first block. The subjects were 20 Brazilian advanced learners of English whose ages ranged from 21 to 62 years old. Our main question is whether English cognate words -because they share similarities at orthographic, phonological and semantic levels -will provide more transfer (either positive or negative) on the production of word stress in English L2. We tested low frequency words, because we intended to observe the stress regularities which emerge from the bilingual system, thus, diminishing the effect of item frequency on word stress recognition and production. Stimuli were presented in two blocks, being the second block a repetition of the same stimuli contained in the first.
The results of the present study show that the repetition of the words in the second block caused an overall priming effect, but it did not imply improvement in L2 productions, since the same pattern of mistakes from the first reading were observed in the second production. This shows that learners were not aware that the task involved the production of word stress, nor did they monitor themselves regarding stress accuracy. Errors were few, however, accounting for 15% of the overall productions, being fairly equally distributed across the word categories of the experiment.
When analyzing the cognate and non-cognate categories separately, we observed an effect of L2 lexical frequency. We selected stimulus items based on a low frequency range of 0 to 10 English words per million, according to the CELEX English corpus. It was observed that the non-cognate word category was produced slower overall than the cognate word category and that minor differences in item frequency did not seem to play a role in RTs. This result is coherent, if it is assumed that, in general, non-cognate low frequent words are not easily recognized and are rarely produced. However, it was found that the least frequent cognate words presented the longest production latencies. We understand that the correlation between cognate items and the minor differences in item frequency exist because similar words are more active in the bilingual system than non-cognate words. Thus, differences in frequency of cognate words, even when small, have a greater impact in production performance.
There is clearly a role of orthographic and phonological similarity on L2 word productions, which is shown by the correlation of phonological similarity values with RTs. Data shows both facilitation and inhibition effects of the activation of phonology from orthography in cognate words. The facilitation effect was found in the production of 3-syllable words, whose stress matched in L1 and L2. The inhibition effect was found in 3-syllable cognate words with mismatching stress, as well as by more dissimilar words at segmental level within the 2-syllable cognate word category.
The differences in RTs of stress matching and stress mismatching target words seem to be highly affected by the frequency distribution of words in terms of length in the English lexicon. In a first analysis, opposite effects of stress match were found in in 2-syllable and 3-syllable words: 2-syllable words with match stress were inhibited, while mismatch stress items were facilitated; 3-syllable words with match stress were facilitated, while mismatch stress items were inhibited. After excluding items that were rated as the least frequent by the participants of this experiment, the stress match effects found in 2-syllable items was neutralized, while the effect found in 3-syllable cognate words was still significant. This result is congruent with the fact that 2-syllable words are massively more frequent in the English lexicon in relation to 3-syllable words (Clopper, 2002) and with the assumption that regularities over an overall highly frequent lexical group are susceptible to be masked by the frequency effect (Perry, Ziegler, & Zorzi, 2010) . From these results, we conclude that the effect of stress regularities emerging from the bilingual system is the one we found in 3-syllable cognate words, which consisted of a facilitation effect for AmE targets in which stress matched with the closest neighboring word in BP and an inhibition effect when the stress patterns of AmE target and BP closest neighbor mismatched. So, the more similar the items were in segmental sequence and stress pattern, the better was bilinguals' performance in producing them in a speeded naming task.
The present results provide indications, to be further pursued, to the hypothesis that there is flow of activation from grapheme-to-phoneme L1 and L2 cross-linguistic similarities, which also activates the suprasegmental level of lexical representation. There is an indication that the processing of orthography to word stress in L2 occurs bi-directionally (L1-L2), since cognate words are overall facilitated in relation to non-cognate words of English, and that the activation of L1 neighboring representations occurs in parallel. 
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